Aims-To determine whether patients with idiopathic retinal vasculitis have altered production of cortisol and dehydroepiandrosterone sulphate (DHEA-S), and whether diVerences in these variables occur between those who are sensitive (SS) and resistant (SR) to steroids. Methods-20 patients with retinal vasculitis (oV treatment) and 10 control subjects were prospectively recruited. Morning cortisol and DHEA-S levels were measured, and cortisol secretion rates and short synacthen tests (SST) carried out in patients before treatment, when on prednisolone 20 mg/day, and in controls.
Idiopathic retinal vasculitis is a potentially blinding inflammatory disease 1 for which first line treatment with systemic corticosteroids is indicated. 2 Some patients require second line immunosuppressants in addition to steroids. 3 If it were possible to identify steroid resistant patients with retinal vasculitis, then more eVective treatment protocols could be planned from the outset.
The hypothalamic-pituitary-adrenal (HPA) axis refers to the communication between the hypothalamus, anterior pituitary, and adrenal gland resulting in the controlled secretion of adrenocortical hormones. There is evidence that autoimmune diseases arise where this axis is defective. [4] [5] [6] Retinal vasculitis is considered to be initiated by autoreactive antiretinal T helper 1 (Th1) cells. [7] [8] [9] The adrenocortical hormone cortisol leads to a predominantly T helper 2 cellular response, 10 11 while dehydroepiandrosterone (DHEA) opposes cortisol's immune regulation, by favouring a Th1 environment. 12 13 We hypothesised that retinal vasculitis patients would have constitutively lower cortisol production but higher levels of DHEA-S than healthy controls. Additionally, we postulated that, among the retinal vasculitis patients themselves, those who show a good clinical response to exogenous steroid (steroid sensitive group) would have lower cortisol production than those in whom outcome was poor (steroid resistant). Furthermore, we hypothesised that steroid resistance was related to higher levels of DHEA-S, which may antagonise the immune regulating eVects of prednisolone.
Methods

PATIENT CHARACTERISTICS
Twenty patients with sight threatening idiopathic retinal vasculitis who were oV treatment were prospectively and consecutively recruited from the medical eye unit, as were 10 healthy controls. Previous ethics committee approval had been granted and consent was obtained from each subject.
Those with evidence of an underlying systemic disease were excluded on the basis of history, systemic examination, and routine investigations: FBC, ESR, U+Es, glucose, LFTs, and serum ACE, chest x ray, and Mantoux test. Those who had been on systemic steroid treatment in the past 2 years were excluded. Patients were categorised into ischaemic or non-ischaemic retinal vasculitis groups by fluorescein angiography: ischaemic retinal vasculitis occurring when peripheral retinal capillary non-perfusion was evident.
A patient was defined as being steroid resistant (SR) if that individual had a first relapse 14 or failed to show a reduction in vitreous cellularity on >20 mg/day prednisolone. Patients outside these criteria were classified as steroid sensitive (SS).
ADRENOCORTICAL TESTING
All the patients were admitted 24 hours before these specialist investigations. Morning (0800) blood was taken for cortisol, DHEA-S, and cortisol binding globulin (CBG) levels and a cortisol secretion rate (CSR) test was performed. The following morning (0800) a short synacthen test (SST) was done.
Prednisolone clearance analysis was performed on commencement of our standard oral prednisolone regimen. 3 All tests, apart from the prednisolone clearance were repeated on 14 retinal vasculitis patients when they were on prednisolone 20 mg/day; 19 of the patients had blood prednisolone levels measured when on 20 mg/day.
Controls had morning blood samples taken for cortisol, DHEA-S, and CBG, in addition to a CSR test and SST.
LABORATORY METHODS
Serum cortisol was determined by commercial competition ELISA (Enzymun-Test, Boehringer Mannheim Immunodiagnostics, Germany). CBG levels were measured by radioimmunoassay (CBG-RIA-100, Medgenix Diagnostics, Belgium). DHEA-S and plasma prednisolone levels were determined using in-house radioimmunoassay techniques. Cortisol secretion rates were measured by a standard isotope dilution method. 15 
STATISTICAL ANALYSIS
DiVerences in levels between subject groups were measured by Mann-Whitney U and Fisher's exact tests. (TABLE 1) There were no statistically significant diVerences in age or sex between any of the subject groups.
Results
PRETREATMENT CHARACTERISTICS AND ADRENO-CORTICAL VARIABLES
Significantly more of the SR patients had the ischaemic form of retinal vasculitis: five out of eight of the SR patients compared with none of the SS patients (Fisher's exact test, p <0.001).
There were no significant diVerences in any of the steroid variables tested between the retinal vasculitis patients and controls. For the retinal vasculitis patients, the cortisol rise on SST was significantly lower in the SR group (Mann-Whitney U, p=0.02) (Fig 1) .
STEROID VARIABLES OF RETINAL VASCULITIS PATIENTS ON PREDNISOLONE 20 MG/DAY
There were no significant diVerences between the SS and SR retinal vasculitis patients in any of the adrenocortical tests, or in plasma prednisolone levels.
Discussion
This study has shown that patients with idiopathic retinal vasculitis do not diVer from controls in terms of cortisol and DHEA-S production, but that patients who are steroid resistant have a lower cortisol response to the SST and are more likely to have the ischaemic form of disease.
Steroid resistance in other inflammatory diseases is variably defined, and in retinal vasculitis there is no established definition. We used a cut oV for relapse of 20 mg/day because at this dose patients will experience significant side eVects long term and a change to second line immunosuppression is indicated if this occurs more than once. We have referred to a patient's first occurrence so that subjects could not change groups as the longitudinal study progressed. Thus, the classification of SS and SR in this study is clinical, based on the response to treatment.
There is evidence for a defective HPA axis in autoimmune diseases. Patients with Cushing's disease can develop autoimmune thyroiditis and sarcoidosis after adrenalectomy 16 17 and patients with rheumatoid arthritis show a diminished cortisol response to surgical stress. 5 This study has shown that retinal vasculitis patients have normal adrenocortical components of the HPA axis in terms of plasma cortisol levels, CSR, and DHEA-S, indicating that these are unlikely to be important in the pathogenesis of retinal vasculitis. However, only 30 subjects were recruited in this study, which limits its power.
We did not directly measure the hypothalamic response in the HPA axis because an insulin stress test purely for research purposes is considered unethical. Available evidence however suggests that the SST provides a safe means of determining overall HPA function. 18 The cortisol rise in the SR patients was significantly diminished, indicating that SR patients could have a defective HPA axis.
The similarity between prednisolone clearance rates for SS and SR patients reflects results from previous studies. 19 Adequate pred- nisolone levels when on 20 mg/day were present in both SS and SR groups indicating that steroid resistance was not due to poor compliance. Significantly more of the SR patients had the ischaemic form of the disease, which parallels our previous retrospective study. 20 Whether ischaemic and non-ischaemic forms of retinal vasculitis represent diVerent distinct clinical entities, or whether the ischaemic form merely represents a more severe form of the same disease remains arguable.
Steroid resistance in many inflammatory diseases poses a major therapeutic problem, and has been widely investigated. Despite this, a safe and reliable predictive test for steroid resistance remains elusive. With regard to SR in retinal vasculitis, firstly, the ischaemic form of the disease is associated with resistance and, secondly, steroid resistance may be a function of a defective hypothalamic-pituitary-adrenal axis.
